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ABSTRALCT

Vepor -1igquio equilibria data are presented +or

fivdroconloric acid solutions rangirg in nedsnadr HOL mod
fraction from ©.110 tao 0.225, saturated with (allsxz, al nomis
solution temparatures between O and —~402. Totel resusdee:
were measured by capeacitance gauges, vapor compositions by 1
direct vapor—phase sempling into & gueadrupole macse failer
anrt 1iauid compositicns by elechric concacrtivity., Ths addivion
ot Calll= to hydrochloric acid breske the arectrope and
gineral .y increasse the vapor
Doiubality and solution 50 Leat D LTLE
Solution compositions bhave niot baen SonoTane twaatin
the inte pretation of the recsults to some rutent. Theoe zoe
rrecsently being dgore,. 1t is probsile
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INTRODUCTION

The vapor pressures of hivdrochioric acid solutico
stpartant to the acdeiling ot secondary sanke 17 r:iacwﬂ
smcie anmonium perchlorate stitd propellsnt rocthetl pliom
ref 1, since the qgarowth of secondar srobe drogalets 1o
dependent on their equ111br1um kenew:or. in additiorn, the
behavior of stronno els Cam gt 3 SH
fuendanei-lel theoret cel joterest. ;
decehloric #o1d wr Ll menndficant Ty megi g
vithiecstor Jue b th : o y '
ot water i the i
mohnE solut Do VAT Dy e s e :
&l the chemitral rorpositian of the secondsry smod s, revs
Zy 4. The mejor contaminents fouand 10 anmoniuns
ooopoteseium ealtol. 1o addibion. Arocoololun
phocnhate adaed Lo smmoniun perchlcrele $or gase im procoooing
provides & mAajor cource o ecludle eiecltrolyte. 411 theeo
cetrone wwe tound in the roctel plare in suffic vt guant. tw
to nucieste the secondary smchke droplets, and to otz guen) v
dicsolve and infivence the dynarices of growtt snd the che |
compusiticn of the smobe, ref S, 1€ Jron vl copper combest
modifiere mace avoided., none of the othere comeonl s agoaes 1o
propellants will produce seits wolvble encoghn TL e rect
significant changes 11 the behavior of ?he bydrochlaris
a1 emoke droplets. The origina’ o o Rall e U070

o R A IR A

A oS AR I

Sre SOOI UG &

cn the eclte far study were Lased on COTEL derat oo
Aawowell o ose For thesr o T e @noes 1o

strerth, A over

vimiTed ctuey of RO wes sobinege o
bot fime o1d ot permit ectueal LG

be made.

Firior to the messurements made by the princina?
investigator under sgpensorshdp ot AFDSF, no ocapor po e
data weire availlable 1o either puwre hvdrochloric acia or o
hydrochloric acid conteining dissolved NaCl or =00z for
tempersatures below 0L, the temperatwes of primary interest
tor secondary smoke formatiorn. Data erist for theso solutions,
either primary vapo~ pressure or artivities from which the
vapor pressure may be predicted, only for tenperatures at
or above 0C. The Juw temperature vapar-ligueid equilibruis
measurements for the pure hydrochloric acid and for soluticne
containing NaCl have been completed and are published in
refs & and 7. The experimental vapor-liguid equilibria of
CaCla~HCl ~H20 solutions for nominal temperatures from O to
~40C are given in the present report completing the study
o+ the pure and salted hydrochloric acid salutions,
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RESUL.TS % DISCUSSION

Liquid phase analyses have not beer completed at this
date and therefore the acid compositions given are nominal
salt—-free mol fractiong and the salt concentrations are
noted only as being "saturated”. Total pressure, F. partial
pressures and puzo respectively, as

of HCl arnd water,
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& function of salt-free mol fraction of HCl, Xmer. and
szlution temperature, T, for solutions saturated with CaClz
are qgiven in Figures 2, %, and 4 respectively. It msy be
roted from Figure 2 that the mininur pressure efeotrope
obeerved for both the pure hydrochiorie acid &na for
tydrocts oriec acio containlng diesolved Nall dues not oroouoy
for the CaClzp-HIl-water systes. This 18 expernted since
Ca%ls is veed commercrally 10 brealk tne arectrope for Lo

prodaction cof concentrated hydrochloric ecid. fdlong wrth

]
the digarresrinte of the sarectrope there 185 cosarvern = E
steen greco creovent belween the Yheo valuss of Vo320 i
@i 0L 100 sucte thal Lne total TP e QRO Ay by en order J
ot magorinche ares total pricecre 84 Xeaes = 0L 170 dn oondy

the 1otz press.ure b Q.147, THe

moaserateci v lower e
r
r

=
tovhed RN R T N SO S I SO o i e & cirder GF aogni bt Oe
Migher then those tor pure hydrochlor:c ecio or for oacid in
whict Nelll 18 Lresolved. Aoditsonally. 14 may L& sBeil 17
Frgure brei the perticsd preszarg of BPID 1ncreases marvedly
A0 the srge Kama cenge, HUL vewo el fractiornse being G :
The HC! peartiel precsures sre alen et ieeost & order ot
macnd tude Booaker than those of pare anc Nall -avdroonlorio
erid solutions in this rarge of Xeer values. Figure 4
illustrates the verzation of the water wvapos presceure with
tempeEr ature and Xmer . The woter vapor pressuwres in the Xuo.
range O, 123 to v, 147 appess to be baigher thaen those {or
pure - Madl ~hiydrochloric acid splutions, It may bhe noeu f
elan that {ne Lallle solution at Xaey = 0,147 freeces &t & ;
higher temper ature than either the pure or Nall-saturated :
hvdrorn!oric etid szluiions. Further interpretetion of the i
vepor-ligud results and roporting ot the LCallz sclubital. i1
i o bBycroohloris scid se s donction of scio o concentrataon i

and tenperature awart completion of the solatilon &dlysed.
Facsed o~ related computeliong reported in red O, it

appeare froum these data that Callz prescst in the reduced

smobe rocket pluame will notl cause <« seriouws an effect or

the furmation of secondary smwule as would Nall and probably

vCl. Confirmaticon of thie cornclusion must await completion

of the sclution analyses and secondary smube prediction

camputations for atmospheric and flight conditions of interest.

FUTURE PLANS

Although the contractual pericd of the grant has expired
and the funds expended, the solutiorn analyses presently




underway for the hydrochloric acid and CaCla will be completad
and made available to AFDOSR at no additional cost ta AFDSR
Subsequantly, a manuscript sunmarizing tha results of thes
study of the Calla-HCl-wabter system will be submitted to an
archive journal for publication.
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